Abstract. Few studies have investigated nocturnal new particle formation (NPF) events, and none of them were conducted 8 in urban environments. Nocturnal NPF can potentially be a significant source of particles in urban areas, and studying them 9 would improve our understanding of nucleation mechanisms. To address this, our study was conducted in an urban 10 environment to investigate the physical characteristics of NPF events, with a particular focus on nocturnal events and the 11 differences between them and the daytime NPF events. Particle number size distribution (PNSD) was measured for two 12 weeks at each of 25 sites across an urban environment. A new method was proposed to automatically categorise NPF events 13 based on growth rate (GR) in order to remove the bias related to the manual procedure. Out of 219 observed events, 118 and 14 101 were categorised into class I and II respectively and 73 happened during the night time which included more than 30% 15 of the events. GR and condensation sink (CS) were calculated and a slight negative relationship between GR and CS was 16 observed, and production of condensable vapour was lower in nighttime NPF events compared to daytime. Nocturnal events 17 on average displayed 10% higher GRs compared to day time ones. Back trajectory analysis was also conducted to estimate 18 the locations of the sources of day time and nocturnal precursors. While the precursors related to day time events originated 19 from different locations with no particular pattern, back-trajectory analysis showed many air masses associated with 20 nocturnal NPF events were transported from over the ocean. Overall, nocturnal NPF events were found to be a significant 21 source of particles in the studied environment with different physical characteristics/sources compared to day time events.
Introduction

23
Atmospheric aerosols are known to affect atmospheric and climatic conditions (Solomon et distinctive growth pattern was observed for these events (GR approximately 0 nm h -1 ). Eucalypt forest was found to be an 39 active source of nocturnal NPF events as this phenomenon was observed in this environment in 32% of the analysed nights 40 in a study conducted in New South Wales, Australia (Suni et al., 2008) . Chamber experiments were also conducted under 41 dark by varying conditions to reproduce the nocturnal events observed in the atmosphere, and it was found that in the 42 presence of ozone, several monoterpenes such as delta-3-carene, α-pinene, and limonene were able to produce NPF events
43
(Ortega et al., 2012).
44
Nocturnal NPF events have been studied much less than daytime events as they were usually considered as exceptions 45 because of the dominant theory that NPF events take place in the presence of solar radiation. However, as mentioned above,
46
nocturnal NPF events were found to be significant sources of particles in some environments and needs to be further studied 47 as understanding this phenomenon will enhance an overall knowledges of atmospheric nucleation mechanisms. In addition,
48
no studies have ever reported the nocturnal events in urban environment, and there is no information available about the 49 characteristics of this phenomenon in more polluted area.
50
This work was conducted in Australia where NPF events have been previously found to be a significant contributor to the 
68
The SMPS system was calibrated for size accuracy using monodisperse polystyrene latex (PSL) particles, with a nominal 69 diameter of 100 nm, five times during the entire measurement campaign. The instruments passed all the tests with a 70 maximum error of 3.5% from the nominal diameter, as recommended in (Wiedensohler et al., 2012) . The following quality 71 assurance actions were performed at each regular site visit. Sheath and aerosol flow rate of the SMPS system was measured 72 using a bubble flow meter. The system was zero checked by connecting the HEPA filter to the inlet of the system. Particle 73 loss due to diffusion was corrected using the formula derived for the laminar flow regime (Hinds, 1999 Where 0 is the constant, 1 is the growth rate of the CMD, is the slope, and the residuals which are independent, 86 identically distributed white noise.
87
The 95% confidence intervals of the growth rates, 1 , were derived. For each NPF event, the growth rate and its 95% 88 confidence interval (CI) indicates whether an increase in CMD was observed (Class I -events with a strictly positive CI) or 89 not (Class II -events with a CI containing 0 and thus a growth rate indistinguishable from 0).
90
All statistical analysis was conducted in R (R Development Core Team, 2010).
91
Condensation sink and vapour production rate
92
Condensation sink (CS) is a measure of the surface area available on particles and determines the rate of condensation of 93 gaseous molecules on particles. CS can be calculated from particle number size distribution data, and has been used in the 
Kernel density estimation and generalised additive modelling
100
Kernel density estimation, which is a non-parametric method to estimate the probability density function of a variable, was 101 employed to estimate the smoothed density of NPF events (Silverman, 1986) . The relationship between the variables were 102 analysed using Generalised Additive Modelling (GAM) (Wood, 2003 New particle formation events were identified by visually scanning all the surface plots and were categorised into two groups
111
(Classes I and II) as described in Materials and Methods. ) during daytime and 0.25 -11.5 (nm h -1 ) during nighttime.
121
In our previous investigations in subtropical urban and coastal environments in the Southern Hemisphere we observed 
Condensation sink and condensable vapour 152
The aerosol condensation sink (CS) is an important parameter that determines how fast molecules will condense onto pre- 
Temporal and diurnal variation of the events
179
The relative frequency of the times at which NPF events occur indicate that while the bulk of the NPF events occur during 
185
Nocturnal events occurred mostly in March and the least in December (Figure 7 ). On average, GRs of nocturnal events were 186 higher than those of day time events (Figure 8 ). 
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